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and beebread freshly collected from the A. cerana colonies (thereafter call beebread). 151
For each group, three subgroups were set up one without spore inoculation which was 152 used as a negative control, one inoculated with N. ceranae 5000 spores per bee, and 153 one inoculated with 50000 spores per bee (Figure 1) . Each subgroup consisted of 154 three cages as replicates. Cages were kept in an incubator with 30±1℃ and 55%-65% 155 RH. About eight workers were collected at day 5, 10, and 15 post treatment (dpi) from 156 each subgroup. The gut tissue was collected from each bee at 5-day, 10-day, and 15-157 day post infection and then stored into -80℃ freezer until the subsequent microbial 158 composition analysis Foods were changed each other day; dead bees were counted 159 and removed every day. 160
161

DNA extraction from gut tissue samples 162
Sample bees were taken out of the refrigerator and rinsed with 7% benzalkonium 163 bromide for 2min and then rinsed four times with sterilized water to minimize the 164 bacterial contamination from the body surface. The intestine tissues were collected with 165 tweezers clamping the end of the abdomen and each gut tissue was further separated 166 and transferred into a labeled 1.5ml tube on ice. The entire procedure was conducted 167 under the aseptic condition and all tools used were sterilized. The total DNA of the gut 168 tissue samples was extracted using Insect DNA Extraction Kit II (Beijing Demeter 169 7 / 24 measurements for each sample. 180
Bacterial 16S ribosomal RNA gene PCR amplification 182
The phylogenetically informative V3-V4 region of 16S ribosomal RNA (rRNA) gene 183 was amplified using universal primer 347F/803R [37] . The dual-barcoding approach as 184 previously described [38] was applied to label the 16S rRNA gene amplicons of each 185 sample. Briefly, the 6-mer barcodes were attached on the 5'ends of both forward and 186 reverse PCR primers so that 16S rRNA gene PCR amplicons from each sample 187 contained a unique dual barcode combination. The PCR Primers were synthesized by 188 Sangon Biotech, Shanghai, China, and the primer sequences are shown in 189
Supplementary to a cluster of nearly-identical sequencing reads as an Operational Taxonomic 210 Unit (OTU) using Uclust [40] . Representative sequences for each OTU were aligned 211 using PyNAST. Finally, the program built a biom-formatted OTU table with assigned 212 taxonomical information for each OTUs. Using Chimera Slayer [41] , chimera 213 sequences arising from the PCR amplification were detected and excluded from the 214 aligned representative sequences and the OTU table. 215 216
Statistical Analysis 217
The mortality data of different groups were transformed by square root and degrees 218 and Asin, and then compared by using two-way ANOVA of the SPSS program. The 219 overall microbiota dissimilarities among all samples were accessed using the Bray-220 We performed PICRUSt analysis to predict the full metagenomic content of 283 microbial communities using 16S gene surveys 33 and compared the predicted 284 metagenomic pathways by food and N. ceranae infection status (FigureS1). The 285
Nearest Sequenced Taxon Index (NSTI), which quantifies the uncertainty of the 286 prediction (lower values mean a better prediction), ranged from 0.027 to 0.11 287 with mean value=0.067, indicating fair reliability and accuracy in the 288 metagenome reconstruction. The heat map (FigureS1) with clustering analysis 289 showed the overall changes in predicted KEGG pathways. Among those 290 significantly differential pathways, we found the food type could affect the 291 bacterial Glycolysis/Gluconeogenesis, Fructose and mannose metabolism, 292 metabolism of several amino acids and etc. N. ceranae infection could affect 293 biosynthesis of several amino acids, the signal transduction mechanism, and the 11 / 24 4. The cumulative mortality of caged bees with different feeding type and 297 infection status. 298
When inoculated with N. ceranae spores, the average cumulative mortality of caged 299 bees increased gradually during the experimental observation, our results showed that 300 N. ceranae infection significantly shortened the longevity of workers fed with only 301 sugar water than those fed with beebread ( Figure 3A) . Interestingly, the spore load in 302 the gut fed with beebread were significantly higher than those with sugar water (p-303 value=0.01and 0.007 for low N. ceranae and high N. ceranae, respectively) at 15 days 304 after inoculation ( Figure 3B ). This was consistent with the earlier report by Zheng et 305 al [51] . There is not interaction between food type and spore dosage on the mortality 306 (p-value=0.868, F=0.029). There was no significant difference in gut N. ceranae spore 307 counts between low and high dosage N. ceranae inoculations. This may be due to the 308 late sampling time that the spore load in the gut has reached the plateau. 309 310 5. The richness of the gut microbiota of caged bees with different feeding 311 type and infection status. 312
We used Shannon index, a commonly used metrics, for richness assessment 313 within the given community [45] . Without N. ceranae infection, the richness of 314 the microbiota in bees fed with sugar solution was significantly lower than 315 those fed with beebread ( Figure 3C , p-values<0.05 at 5, 10 and 15days). 316 Furthermore, the richness of the microbiota decreased by time in bees fed with 317 sugar, but not in bees fed with beebread. In subgroups with N. ceranae 318 infection, the microbiota of bees fed with sugar showed increased richness at 319 all time points with a slightly higher mean but no significant differences to that 320 of bee fed with beebread. 321 322 6. The stability of the gut microbiota is significantly correlated with the 323 cumulative mortality 324
The stability of the microbiota in response to the N. ceranae infection in groups 325 with different of feeding conditions showed that the bee fed with beebread 12 / 24 showed relatively stable microbiota. The mean dissimilarity was not 327 significantly different from either sampling time post infection or N. ceranae 328 doses. However, among bees fed with sugar solution, the microbiota 329 dissimilarities significantly increased by time, with the most dissimilarities and 330 higher consistency at 15 days with the high N. ceranae infection ( Figure 3D) , 331
suggesting the most diverged microbiota within this group. Further, the mean 332 microbiota dissimilarities were significantly correlated with the cumulative 333 mortality rate (r=0.61, spearman correlations, p-value=0.035). 334
335
Discussion 336
Our result demonstrated that the gut microbiota of the A. cerana adult workers 337 are composed of three major phyla, Proteobacteria, Firmicutes, and 338
Bacteriodetes. This result is consistent with the previous reports [21] except 339 that the most abundant taxa in our study was Proteobacteria, which was the 340 second in Ahn's study [21] . At the genus level, we found that the gut 341 microbiota of Asian honey bees is dominated by a few core bacterial species, 342
including Lactobacillus, Snodgrassella and Gilliamella, among the major 343 genera found in both our study and previous studies [52] . 344
Food constituents can influence the gut microbiota composition. Our 345 results confirmed that food type significantly shapes the bees' gut microbiota 346 composition ( Figure 1 and 2). Beebread contains high protein and 347 comprehensive nutrients, which may favor those proteolytic species. In 348 addition, beebread provides additional microbiota [53, 54] inoculations 349 especially lactic acid bacteria, and may benefit the gut microflora too. 350
Our study also showed that Lactobacillus and Snodgrassella genera were 351 much more abundant in those bees fed on beebread ( Fig 2B) . The genera, 352
Lactobacillus, Bifidobacterium and the family Pasteurelaceae, were also found 353 in beebread from colonies of A. mellifera [51] . Lactobacillus had been found in 354 flora and hive environment, including honey, royal jelly, beebread, and honey 355 sac. Lactobacillus was also found in honey bee crop and showed inhibition 356 effect on Paenibacillus larvae in vitro [55] . Therefore, it is plausible to 357 speculate that the Lactobacillus found in gut of adult workers fed with were 358 obtained through food trophallaxis. In contrast, bees fed with sugar only 359 showed more abundant Enterobacteraceae. Overgrowth of Enterobacteraceae 360 has been linked to gut inflammation in many studies . 361
Our data showed that higher proportion of Serratia harbored in the gut of 362 10-day old bees fed with sugar. Serratia was further confirmed as S. 363 marcescens by sequencing near full-length 16S rRNA gene(data no showed). S. 364 marcescens is commonly found in adult A. mellifera, A. cerana, and bumble 365 bee gut. It is generally harmless to honey bee, and commonly used to explore 366 the host immune reaction to microbes[56], There were two cases , that Serratia 367 had detrimental effects on A. mellifera survivorship after host microbiota was 368 erased by antibiotics . In our study, N. ceranae infection broke the balance of 369 Our data showed that the N. ceranae infection caused much higher cumulative 386 mortality in bees fed with sugar than bees fed with beebread . Interestingly, the 387 changes in microbiota dissimilarity were highly correlated to bee's mortality. N. 388 ceranae infection caused significant increases in both the microbiota richness and 389 the dissimilarity in sugar fed bees, but not beebread fed bees. We speculated that N. 390 ceranae infection in sugar fed bees resulted in a more diverged microbiota, among 391 which many are not considered as probiotic in bees . The gut microbiota in bees fed 392 with beebread was stable with N. ceranae infection. This stability of gut microbiota 393 could play a protective role and result in less mortality. 394
Having a biological measure of the effect of N. ceranae infection might help us 395 further understand the controversy of honey bee health and N. ceranae infection, 396 which bees with pollen feeding resulted in higher spore load but less mortality 397 compared to those with sugar water [59] . 398
Although the 16S sequencing based taxonomy analysis is sufficient in current 399 technology development, it only identified bacterial taxa to genus level. It is difficult 400 to identify a specific species or strain that is strongly correlated to either the food 401 feeding or N. ceranae infection. 402
In summary, the gut microbiota of A. cerana workers is significantly 403 differentiated by both food types and N. ceranae infection. The higher stability 404 15 / 24 JZH wrote the paper; WFH and YPC revised the paper. All authors read and 416 approved the final manuscript. 417 418 Acknowledgement 419
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